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are those of the author, and do not necessarily
reflect those of IIASA.
FOREvl0RD
This paper is the first in a series of Working Papers on
the "Multilevel Computer .Model of vJorld Development Systems."
While the assumptions and the methodology of the various
submodels pertaining to the above computer model are described
in the IIASA Symposium Proceedings SP-74-1 to SP-74-6, this
series aims at explaining the use of the models.
The series consists of seven papers, one for each submodel
now available at IIASA. The descriptions relate to the state
of the computer model in May, 1974. Since the research work
under the leadership of ｾ Ｑ Ｎ Mesarovic and E. Pestel is still
going on the model descriptions should not be looked upon as
final. Further submodels will be documented as soon as they
become available.
At present the various submodels are kept on a magnetic
tape and partly on punched cards, and thus are easily accessible.
I would like anybody who is interested in running a submodel
from the 11.P. Global Modelling Set to contact Gfinther Fischer
(Ext. 411).
IMPLEMENTATION OF THE M..P. WORLD MODEL
In May 1974 a seminar was held by IIASA in Baden, at
which the "Regionalized Multilevel World Modelling Project"
headed by M. Mesarovic and E. Pestel was presented to
scientists of various disciplines. In January 1975 the
proceedings of this seminar were available at IIASA. In
these reports (6 volumes; SP-74-1 to SP-74-6) the assumptions
used within the models and in part the data are described.
We now have some of the submodels available on our inhouse
computer which is a PDP 11/45. In order to facilitate the use
of the models descriptions of the various submodels have been
elaborated. These papers are not intended to provide a
description of the submodels themselves, but merely of their
use (requests from the model, input, output, data). The
descriptions relate to the model versions implemented on the
PDP 11 under the DOS-System, which is a single job operating
system.
Due to the fact that a new multiprogramming operating
system (UNIX) is used on the PDP 11/45 some of the models
have been implemented under UNIX too, and some of the larger
models may be run as batch jobs on the CYBER 74 at the Technical
University in Vienna.
Models Available at IIASA
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In the M.P. Regionalized World Model, one of
the most important submodels is the population
model. In its present state there are especially
two purposes for which the model serves:
A. The model can be used to investigate
different population policies. The
model calculates an equilibrium
fertility factor that would gradually
lead to population equilibrium. The
user of the model can specify the year
when the equilibrium policy is to start,
and the length of the transition interval
after which the equilibrium fertility
should be reached. Thus it is possible
to investigate the effects of postponing
the application of equilibrium policies;
B. A second feature of the model is that you
may not only investigate a decreasing
fertility, but also an increasing mortality
due to lack of protein. This will be
helpful for analysing the population
growth of South East Asia.
For more details on the theoretical background see [1]
I. MATHEMATICS OF THE POPULATION MODEL
The computations of the model consist of two different
periods. While the computations of the model for the years
1950-1970 are determined by the given data, various alternative




In the standard computer runs the fertility factor
cf t and the mortality factor cmt are kept constant
from 1970 on taking the values of 1970; i.e.
t 1970 t 1970
cf = cf ; cm = cm for t > 1970.
B. Equilibrium Runs via Fertility Change
If you choose scenario 01-10 you will get special
equilibrium runs according to the values of KONTR
and INT. Mortality is kept constant, i.e. cmt = cm1970
for t > 1970; but fertility is changed (starting in
year KONTR) until it reaches the value of the computed
equilibrium fertility factor after a transition period
of INT years.
C. Runs with Mortality Changes (Lack of Protein)
Scenario 11-33 provide runs with constant fertility
but an increased mortality. The mortality multiplier
ZM(X,E,a) is computed according to the values of
EO,EU,EA,XO,TL. These runs are to be produced only
for region 09.
D. Change of Mortality Due to Lack of Protein and Change
of Fertility Due to Equilibrium Policies
For region 09 you may also choose scenario 34-53 in order
to get runs that take into consideration a combination
of increased mortality and equilibrium policies.
E. Scenario 99
If you specify scenario 99 you will get a run with
any parameters you specify. Again lack of protein
is considered only for region 09.
NOTATION
In order to simplify the documentation of the mathematics
of the model the following variables will be used (different
from the notation of the FORTRAN-program).
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Number of people alive on 7/1/t who were born
between 7/1/t - a and 7/1/t - a + 1, i.e. people
that are a years of age
Number of people who died between 7/1/t and
7/1/t + 1, as a subset contained in pt
a
Number of women who gave birth to children between
7/1/t and 7/1/t + 1, as a subset of pt
a
Difference between immigrants and emigrants in the
time-interval between 7/1/t and 7/1/t + 1, as a













Total number of people alive at 7/1/t
Babies born between 7/1/t and 7/1/t + 1
People who died between 7/1/t and 7/1/t + 1
Difference between immigrants and emigrants between
7/1/t and 7/1/t + 1
Crude birth rate of year t
Crude death rate of year t
Age-specific fertility, i.e. the probability that
a person will produce a child between 7/1/t and
7/1/t + 1 at an age between a - ｾ and a + ｾ
Age-specific mortality, i.e. the probability that
a person will die between 7/1/t and 7/1/t + 1 at
an age between a - ｾ and a + ｾ
Time-dependent fertility factor
Age-specific fertility factor (normalization
86
L: af = 1)
a=l a
cm
t Time-dependent mortality factor
am
a






LE Life expectancy at birth
PRt Protein (gramm) for people in region 9 in year t
x t Gramm protein/capita for people in region 9
ZM Age-specific mortality multiplier
a
KONTR Start of equilibrium birth control
INT Transition period to reach equilibrium fertility
factor
ｳ ｾ ｡ ｢ ｴ Accumulated number of babies from 1970 on
STott Accumulated number of deaths from 1970 on.
POPULATION DEVELOPMENT BETWEEN 1950 AND 1970
For each of the ten regions of the M.P. World Model the
following data are used as initial values of the computations
from 1950-1970:
p 1950 a = 1, .•. ,86 (the age-groups were obtained by
a
applying a spline interpolation




1950, ... ,1970 Total number of population
1950, ... ,1970 Time series for the birth rates




= ｾＬＱＯ ... 86 Age-specific fertility and mortality
taken from the most recent available
data and normalized such that
86 86
r. af = E ama = 1
a=l a a=l
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SET OF BASIC EQUATIONS
t 86 p tPop = L
a=l a
eft ｾ t t t+1 PopDt +1 )/= 6 (ebr 6 PopD + ebr .
86




t t + edrt +1 popt+1)/ern = 6 (edr . PopD 6
86
p t( L . am)
a=l a a
Irni t t Popt= PopD -
It
= lImi t /50a
0
p t = p t + It
a a a
t t .tPop = Pop + Irnl
86
Babt = L pt 6 t
a=l a afa • ef
a = 2, ..... ,51
a = 1,53, .. ,86
Tott
86
pt t Babt t= L . am . ern + ｾ . . ｡ｭｾ . ern
a=l a a
pt+1 t (1 t am8 5)
t (1 t am86 )= P85 . - ern . + P86 . - ern .86
a = 2, ••• ,85
t tBab • (1 - ｾ • ern • ｡ｲｮｾＩ
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t+l.:2 Babt /popt+l.:2 t t t Tott) )cbr = = Tot /(Pop + ｾ • (Bab -
cdrt +l.:2 ｔｯｴｴＯｰｯｰｴＫｾ Tott/(popt + ｾ t t= = • (Bab - Tot ))
SBabt +l = 0
STott +l = 0
The numerical output of year t orovides the computed values for
t, Popt, cf t , ｣｢ｲｴＫｾＬ cmt , ｣､ｲｴＫｾＬ SBabt , STott. In case of
normal runs also popDt and Imit are printed on a separate line.
POPULATION DEVELOPMENT FROM 1970 ON
From 1970 on various alternative strategies may be applied,
such as equilibrium policies and the increase of mortality due to
lack of protein.
SET OF BASIC EQUATIONS
t 86
Pop = E pt
a=l a
cf t = { cf1970




























t t(1 - cm • am I)
a-
a = 2, ... ,85
b ｴＫｾc r
d ｴＫｾc r = t t t tTot /(Pop + ｾ • (Bab - Tot )}
EQUILIBRIUM POLICY
In order to calculate the effects of various equilibrium
policies the user of the population model may specify ｴ ｨ ｾ
values KONTR and INT as described before.
KONTR
INT
Start of equilibrium fertility control
Length of transition interval
In order to have stationary population the condition
Babt = Tott
has to be satisfiedi Furthermore, the model assumes that
the age-specific fertility and mortality cfa and ama remain
constant for all times and cm is chosen to be cm = cm1970 .
From this follows the condition:
ｐ ｾ = P a (a = 1,2, ... ,86)
Inserting these conditions in the demographic model one gets the
following relationships:
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P1 = Bab • (1 - ｾ • ern • ｡ｲｮｾ )
a = 1, ... ,84
and therefore
Defining
Prod(l) = 1 - ｾ ern • ｡ｲｮｾ
Prod (a) = Prod(a - 1) • (1 - ern • am )a-1 a=2, ..• ,85
One gets





= Bab • Prod (a)




a = 1, ... ,86
86
1 = efe • L afa • Prod (a)
a=l
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The life expectancy at birth and the equilibrium birth rate







SET OF EQUILIBRIUM ｾ ｑ ｕ ｾ ｔ ｉ ｏ ｎ ｓ
p8G = (l/cm - am 85 )1 am S6P85
Prod(l) = (1 - ｾ • cm • amI )
"2
Prod(a) = Prod (a - 1) . (1 - cm • am 1)
a-
a = 2, ••• 85













FK t = 0.2' 7/INT
0.1 • 7/INT
KONl'R "t < KONTR + 2 • INT/7
KON'I'R + 2 • INT/7 < t < KONTR + 5 • INT/7
KONTR + 5 . INT17 < t < KONTR + INT
1970 < t < KONTR
(cf1970 _ cfe ) • FK t KONTR < t < KONTR + INT
KON'I'R + INT t
-10-
LACK OF PROTEIN
In order to compute the increase of mortality due to
lack of protein in region 9 of the M.P. World Model, the
user may specify the values EO, EA, EU, XO and TL as described
before.
SET OF INCREASED MORTALITY EQUATIONS
ｾ {PRt - 1. 1.005 1971 < t < 2000
PRt
PRt - l 2000 < t
xt PRt/POpt=
• ama
ｚｍｾ = [(44 - XO)/(x t - TL - XO) - 1J
• [(EO - EU) • exp (- a/EA) + EO ] + 1
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II. TERMINAL INPUT AND DATA BASE
A. ｒ ｾ ｱ ｵ ･ ｳ ｴ ｳ from the 110del
Playing with the model requires the input of some
specific parameters from the keyboard. For this
purpose the model issues some appropriate statements
on the terminal. Following each request there is an
example of the expected input. These examples are
primarily intended to show the user the format
by which the data are to be entered rather than to
give a meaningful set of data. During a session
some or all of the following requests may be issued:
"SPECIFY ULTIMATE YEAR/INTERVAL"
The maximum value for the ultimate year is 2100.
You may, for instance, specify 2100/05 (using format
(14, IX, 12)) to run the model until 2100 getting an
output with time-steps of 5 years. These values
remain set until you finish your session.
"REGION, E.G. 08"
If you enter 01-10 (using format (12)) you will get a
"NORMAL RUN Il for the specified region (see Table 1).
If you enter 00 the model will ask
"GIVE POPULo SCENARIO NUMBER, E.G. 22"
At this you must enter 01-53 or 99 (using format (12));
if you enter anything else the model will write
"SCENARIO NUMBER NON EXISTENT"
The various scenaria are listed in Table 2.
If you choose scenario number 99 the model will ask
"SPECIFY (N) EQUILIBRIUM CONTROL START/SPAN,
E.G. 1975/14"
These equilibrium control parameters are used to
specify a certain equilibrium policy.
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"ENTER REGION"
After having specified scenario 99 you will be
asked again for the region you want to run the
model (since you have entered 00 at the first
request); you may enter 01-10 (using format (12)).
In case you enter 09 the model will ask
"SPECIFY (N) EO,EU,EA,XO,TL
E.G. 1.0/.25/10./0.0/0.0"
These parameters influence the change of mortality
due to lack of protein.
Now the model is run with the specified parameters
for the region you are interested in. When the
model has finished the run for your region it will
ask again for a region, etc.
REMARK
You have to be careful because the parameters remain
set from the last run until you reset them (i.e. by a scepario
01-53 or by means of scenario 99). Therefore, you have at
first to produce the "NORMAL RUN" for the regions you are
interested in, and then enter special scenaria.





Last year to run the model ( ｾ 2100)
Time steps for the line printer output
In the M.P. World Model, the world has been


















Rest of Developed (i.e. Israel
Australia, New Zealand)






POPULo SCENARIO NUMBER (= NSC)
There are 53 scenaria 01-53 with special sets of parameters
available (Table 2). If you want to specify your own parameters
you must enter 99. In any case lack of protein is only considered
for region 09 (i.e. South East Asia). Therefore, scenario
11-53 ought to be run only for this region.
EQUILIBRIUM CONTROL START (= KONTR)
Start of the equilibrium policy; must be a multiple of
5, e.g. 1975, 1990, 2000, etc.
EQUILIBRIUM CONTROL SPAN (= INT)
Lenth of transition interval; number of years from the
start of the equilibrium policy until the equilibrium
fertility factor is reached; must be a multiple of 7, e.g.
0, 14, 35, etc.
EO : Sensitivity of babies to protein deficiency
EU Sensitivity of older people to protein deficiency
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EA Time constant that indicates the number of years
that pass until E(a) - EU drops to 37% of EO - EU,
where E(a) is defined as:
E(a) = (EO - EU) • exp (- a/EA) + EU
("age-specific sensitivity to protein deficiency")
XO Minimal per capita protein consumption (in gramm)
per day. If protein consumption/day < XO all
people die due to lack of protein
TL Time delay in the effect of protein deficiency
(in years). Using these parameters an age-specific
mortality multiplier is defined:
44 - XO
ZM(X,E,a) = [X( ) -- - IJ • E(a) + 1T - TL - XO
Where X(T) is the computed per capita protein
consumption for year T and E the above defined
sensitivity to protein deficiency
B. DATA BASE
To run the model two data files are needed. From
unit number 4 the following time series and age
distribution are read (Format (19X, 6 FIO.5».
MIDYEAR POP
ANFANGSVERT
Estimates for the aggregate midyear
population of the respective region
are given from 1950 to 1970. Data are
given in millions of inhabitants.
Age distribution in 1950 or for the
earliest available year, the age
distribution is normalized to sum
up to 1 and presented in the following
way:
Babies less than 1 year, 1 to 5 year
olds, •... ,80 to 85 year olds, and·
people older than 85 years.
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AF Age-specific fertility calculated from the




AFa = Bab / Pop a = 1, ... ,11
In this context I a I does not denote a single one-
year age group, but five-year age groups. Furthermore,
the first figure given is always 1. 0, so age-specific
fertility rates AF include: 1.0, 10-15 year-olds, ..• ,
45-50 year-olds, older than 50, unknown births.
AM Age-specific mortality calculated from the latest
available data according to:
T P
a a
AMa = Tot / Pop a=1, ... ,21
As before the first figure given is 1.0. Thus AM
include: 1.0, babies less than 1, 1-5 year-olds,
5-10 year olds, ... , 80-85 year-aIds, people older than
85, and unknown deaths
CDR 21 values denoting the crude birth rates from 1951-
1971 are given
CBR 17 figures are listed, the first of which is the
average crude birth rate for the years 1950-1954.
The remaining 16 values denote the birth rates from
1955-1969.
All the data dealt with above are listed for each of the
ten regions. A listing of the data is given below. As
for the UNIX-operating-system a file called PDAT.D, which
has to contain all data is associated with unit number 4.
Under DOS the respective file is called PDAT.DAT. A
second file is needed to read the prepared ｳ ｣ ･ ｮ ｡ ｾ ｩ ｯ data using
unit number 9. The corresponding FORMAT is (lX,2(F2.0,lX),
F4.0,lX,F2.0,lX,6(F3.1,lX)). Each line contains the
following values:
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SCENARIO LABEL, SCENARIO NUMBER, KONTR, INT, EO, EU, EA,
XO, and TL
The SCENARIO LABEL is used for classifying the various
scenaria, i.e. all scenaria dealing with population
policies only take a value 01, those investigating lack
of protein take 02, etc.
The remaining 8 variables have been already described in
section A. of this chapter. The actual file names are
SCEDAT.D and SCEDAT.DAT for UNIX and DOS respectively.
-17-. -,-
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III. OUTPUT
The head of the printout contains the name of the chosen
region, the scenario number (or NORMAL RUN) and the values of
the various parameters (i.e. KONTR,INT,EO,EU,EA,XO,TL). Then







Year t of consideration, 1950 < t <
ULTIMATE YEAR
Total number of people living in year
t as computed by the model for the
specified region
Computed fertility factor cft for 1950
< t < 1970. For t > 1970 the fertility
. t 1970factor is either constant (l.e. cf = cf )
or determined by the chosen equilibrium
policy
Ratio of babies born in year t to total
end-year population in t, i.e. crude
birth rate ｣ ｢ ｲ ｴ Ｋ ｾ
Computed mortality factor cmt for 1950
< t < 1970. For t > 1970 the mortality
factor is kept constant (i.e. cmt = cm1970 )
Ratio of people that died in year t to
total (end-year) population in year t,
i.e. crude death rate ｣ ､ ｲ ｴ Ｋ ｾ
SUMME BAB(N) 70: Accumulative sum of all babies from
1970 on
SUMME TOT(N) 70: Accumulative sum of all deaths from
1970 on.
Subsequent to the line printed for 1970 you find a few data
concerning the equilibrium state:
LE
CFSTAT
Life expectancy at birth




Ratio of babies to deaths for equilibrium
(= 1.0)
Ratio of people that are older than 85 years
to number of people that are 85 years old.
If you have performed a NORMAL RUN you will also get
the actual population (from data), and the calculated
number of immigrants (both in millions); i.e. the calculated
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________ DI ｾｈＺ ｾｊｓ I Q:.J ;>P 1 (l) , ,.;l,rl (1) , DCri OJoI ｾｲ ｾｳ r D:-.; SCf (, ｐ Ｌ Ｚ ［ ｾ Ｉ --------------------------------- ----------------------
'.' J ,-' ._\, .... L' "; f r .; ( ｾＧＱ , 1 ) , ｾ . !..... ( ｾ 1 .1 )
'.J j ,'. t- ＷＬＬｾＬ 1 L.'; r ｴｾＧ 1 (,. 1 ) , M' ,,-,.-I i (,: 1 ) , ｾ r ( ｾ 1 ) , l M (2.:') , l:' ( ｾ 1 )














__ . 2.. DO 1 __ J =1,151
IYR = J+19.:lQ
ｉｆＨｉｙｾＮｇｔＮ ｍＶｘｉｙｾＩ ｾｮｔｕ ｾｾ
CALL ａｌｌｐｾＨｬｙｾＬｬｓｾＬｲａＮｉｙｾＬｉｾｔｴｒＬｎａｌｌＩ




ｆ ｏ ｾ ｍ ａ ｔ Ｈ Ｏ Ｏ ｉ Ｌ Ｇ ｓ ｐ ｅ ｃ ｬ ｆ ｴ ｵ ｾ ｔ ｉ ｈ ａ ｔ ｾ tEAR I ｉｎｔｅｒｖａｾ ',1)
F(; j.( ｾ Ｎ ｾ T ( I IJ , 1 ll' , I ? )
ｾｏｾｍａｔＨﾷ ｒｾｇｉｏｎ ＬｾＮｇＮ i8',/)
Ｕ ｔ ｏ ｾ
ｅ ｲ ｾ ｄ
ｓ ｕ ｾ ｾ ｏ ｕ ｔ ｉ ｎ ｴ ｐ ｏ ｐ ｉ ｊ ｌ Ｈ ｉ ｾ ｔ ｾ ｔ Ｌ ｉ ｙ ｒ Ｌ Ａ ｴ Ｌ ｇ ｔ Ｌ ｇ ｈ ｾ ｾ Ｌ ｔ ｏ ｔ ｾ Ｌ ｎ ｆ ｏ Ｌ ｐ ｒ ｏ ｖ Ｌ ｎ ａ ｌ ｌ Ｉ
___ ｟ｾ 0 I 1" ENS I Q "J APi? ( Af, , 1 ) , AI" ;? ( Bb , 1 ) , A'·12 ( Bb , 1 Y.1) ,S Cl:. ( 1121 , ｾ t1 )
oI ｾＱＱＺ N ｾ I () ｲｾ F E:: ｾ ( 2 1 , 1 ) , AIi 0"'1 (2 1 , 1 )
_ __ DIM f t>J S I ON G') \f\ ( ? 1 ) I C; P ( jJ 1 ) , r; F ( ? 1 ) , G'1 ( 2 1, , P (1 P ('2 1 ) , G ( 21)
ｄ ｬ ｾ ｅ ｎ Ｆ ｉ ｏ ｾ ｾ ｾ ｩ ｪ ｔ Ｈ Ｒ Ｑ Ｉ Ｌ ａ ｍ ｏ ｾ ｔ Ｈ Ｒ Ｑ Ｉ Ｌ ｃ ｆ Ｈ ＿ ｏ Ｌ Ｑ Ｉ Ｌ ｃ ｍ Ｈ Ｒ Ｐ Ｌ Ｑ Ｉ
_ __ _ 0 J " t NS I ON II P ( eo b , 1 ) , Ai13 ( Ab , 1) , AF ( A ｾ , 1 ) , API ( 8 n) , AF 1 (8") , AMI (8 &)
D1 t1 t NS ION N A ,"'Ii:. C1 ?, I) , ); P (11) J) , Ai1 (8/;1 , 1) , POP 2 (c 1 , 1) . . .
__________ DIME NS I ｏｾ Sfi AE (1) I 51LJ T( 1) , TOT (U ,0 IdH 1),GJ (1) ,A Met U)
oI ｾ t ｾｾ oS I O'! AｾＬ I r; ( 1 ) , Ci; ( 1) , ClJ ( 1 ) . - - ._- ---_. _.
___ DIM f. "'5 I n ',I S1 C1 ) , Si? ( 1) , F V( 1) , F l( ( 1) , P(; C1) , F ( 1], FA ( 1) , Gｾ P4 ( 1)
DIMENSION ｃ ｾ ｾ Ｈ Ｑ Ｉ Ｌ ｃ ｵ ｾ Ｈ Ｑ Ｉ Ｌ ｔ ｏ ｔ ｋ Ｈ Ｑ Ｉ .,. . --
______ ｾ Rt 4L *8 C!':I J CF, CO I AM ,AMe., P,S 1-,S2, 53, A_85, FY, FX,f, F A
Rf:AL INT,INTV .,,' . - --
Ｍ Ｍ Ｍ Ｍ Ｍ ｾ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ - -- - --- - ＭｾＭＭ ----------- -- -------------- --- -- --- --- ._- - -
NOATA.0
_ __ I F ( 1ST AT) 1 , 2 , 3
ｉｆＨｾｏａｔａＮｴｑＮｬＩｇｏｔｏ 2
___ If (11 Ｎ ｾ ｇ ｉ Ｎ Ｎ ｟ Ｐ Ｉ ｟ ｇ ｏ Ｎ ｔ ｧ ｟ ｾ ｢ ｪ . _
NDATAl:l
_________.__ I< R ｾ G=L ___.. .. _ __ __.______ . _. . ._. . _
D[I ? ｾ ｾ I PT t :I 1 , I 1
___ .c ｾ ｾ __ ｾ Ｎｾ ｾ _
C ｒｅａｾ PQIHARY DATA
C__REA 0 (4,-1 VI 4) (tV-AMe (L , KRt G) , L: 1 , 1i,----------·----------· Ｍ ｾ Ｍ Ｍ Ｎ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｎ Ｍ Ｍ Ｍ Ｍ Ｍ Ｎ Ｍ Ｍ Ｍ Ｍ Ｍ ｾ . I
I
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ｾ ｆ Ｍ ａ ｛ Ｉ ･ ｾ Ｌ Ｑ ＿ ｱ Ｉ ｐ Ｐ ｐ
;tf:. AD (,",1 v'g) (;58





Ｑ Ｇ Ｑ ｾ Ｇ (;r ell • ｯＮｾ
_______________ ｒｾａｄｻ /J, 1 [j9, P, tGf (IJ , 1=Sd Ｓ Ｑ ｟ ｾ . _
REA ｾＬ ( 'l , 1" q ) Gｾ
ｾＧｕｯｬｪ ＨｾＬ H'9) Ｈ ｈ ｾ Ｈ ｉ ｾ ｔ (1), I=?,?l) ,P
ｒ ｾ ａ ｄ Ｈ Ｇ ｬ Ｌ Ｑ ｾ Ｙ Ｉ Ｈ ｆ ｅ ｾ ｔ Ｈ ｉ Ｉ Ｌ Ｑ Ｚ Ｔ Ｌ Ｒ Ｑ Ｉ
Ｒ ｾ ｈ ｾ en.;T I NUE
C
C AUJU5T ａｍｏｈｔＬｆｅｾｔ UATA
C
00 1 4 1 L=1,3
Ｑ ｾ Ｑ FtRT(L): ｆ ｅ ｾ ｔ Ｈ Ｔ Ｉ
_.-- -- ｾ __ AI' 0 ｾ T ( 1) r; AｾＱ (,l ｾ T (2L ----------. - --- --.----------...-------
DO 143 L=?,?l
__ I F (Jl. M(j r.< 1 (I-.) ) It.l b , 1 /J 6, 1" 7 I
1Ub ｾ ｾ ｮ ｾ ｔ ｛ ｬ Ｇ ］ Ｍ ｾ ｏ ｾ ｔ Ｈ ｾ ﾷ ｬ Ｉ
1 'I 7 7 CCtH p.: Ue-
IF (Ft'F.lT (L)' 11.13,142,145
ｲ ｴ ｾ ｲ ｃ ｌ Ｉ = ｆｬｾｔｃｌＭＱＩ
C[) NTI ｾｊｕｅ
DO 145 L-1,21
ａ ｍ ｾ ｾ ｔ Ｈ ｌ Ｉ = ａｾｏｾｔＨｌＩ * Ｎｾ･ｬ
_FERTeL) = ｆｾｒｔＨｌｊＪＮｾＰＱ11.15
C
_______ C CALC,UL.A TE SE CON[.t4R Y DAT ,4 AP1, Af1., AMl . . _
C
Ct,lL ｾ ｐ ｌ ｈ ｆ ｟ Ｈ ｇ ｾ ｈ ｾ Ｌ Ｚ ､ ﾷ Ｇ Ｑ Ｌ Ｑ Ｌ Ｒ Ｒ Ｉ
GM(2) • GM(2,*.2
Gil U) :: Gi'1 U) 111.8
Ｈ［Ｚｾ ( 2;7, , = G"" ( 20 ) *•2
eALL SPLIN E _(G 11 , A ｾＱＱ , 2 , 20 )
N • 4
__ _ 1 ｾ 2 N:: N+1.
IF (GrO(N) 152,152,153
________153_ '.J 1 c N- L
N = 14
_____ l5tl ｾ ｎ ］ ｲ ｟ Ｎ ｪ Ｍ ｬ __ __
IF (GF(N) Ｑ Ｕ ｾ Ｌ Ｑ Ｕ ｾ Ｌ Ｑ Ｕ ｓ
_____ ｾＮｴＵｓｾ N2 = N_
GF(l) • e1.1
______________CA, L. L_ Ｕ｟ｾ L.. t NE ( ｇｾ JA ｆ ｾ , !'J 1, N2 L___ __ ___ __ __ _ . _
C
__ C__ ｾ ａ Ｎ Ｇ ｬ L.QAJ:k_F QR __A. ｌｌＮ｟ｾｉｾＮｲｩＱ Oll S _
C
_________DO 16a L =11 BEl _. . .... . _
AP2(L,KREG): AP 1(l)-POP(1)*1.Eb
____1 ｍｾ ,tM2( L dtHEG'- =AM1 CL..L _
DO 190 l:1,85
______ ＱＹｾ AF 2 (L, KRE: G': (AF 1 (I.. )+.AFUL+ 1 ＩＱｾＮ 5_____________ __ __
no 734 L=1,?1
_________ ｆ ･ ｟ ｾ Ｈ ｬ Ｏ ｬ Ｈ ｾ ｾ ｲ Ｎ Ｇ ］ ｆ ｴ ｾ ｲ ell .. . I
ａｍｏｒＨｌＬｋｒｅｇＧ］ａｈｏｾｔｃｌＩ
______7:t4 POP? Cl, KRE:.G) =POP (L) ._. --
ｉ ｆ Ｈ ｾ ｏ ｎ ｔ ｒ .EQ. ｾ Ｉ ｾ ｏ ｎ ｔ ｒ 1Il 2200
----- -------- -- -- ---j:
ＭＭＭＭｾＲＶＮＺＮＭＭＭＭＭＭＭＭ ---------------
- - - _._--------------_.---:-;---_.- ------._-- - ----- ---_._._---




________ ｊｾＱ __ 00 2Cj t _I 81, ｾ ｟ Ｓ _ _ ｾ｟
ｾｴａｮＨｱＬＱＴＹＩ (SCE(J,I),J C1,10)
IF Ｈ ｾ ｕ Ｚ (1 , I) );?!?1 , ｾＬ r'.'1 1
2((11 rc,f\;T I \Illt
______---.i______ C0 "I! T_1 ｾｵ E _ _
IF(11 .EQ. 0) GOTO 3
________________ Rt TI.)RN _
ｉｆＨｉｖｾＭＱｾＵＰＩ ｬ｢ＷＬＱＶＷＬＱｾＸ3
_____C . __ __ __ __ _ _
C ｉｾｉｔｉａｌｉＵａｔｉｑｎ ｆｏｾ ＱＹＵｾ
___ C __
167 ｉ ｾ ｃ ｬ ｬ Ｎ ｦ ｑ Ｎ Ｐ Ｇ ｇ ｮ ｔ ｏ 187
___________ 1= 1 .___ ___ _____ _ . _
N1:1
__________ N231_ _ _
00 5 /J ｎ］ｾＱＬｎＲ
___ _ _ Cb ｾ (N) =kJ • 0
COR (N) 8 ｾｬ • ｾ
_________ C i:' eN) I: 0 .0 -___ _
ｃＨＩＨｎＩｺｾＮＰ
ｾ M0 ＨｾＩ =A ｾＱＲ (1 J NL _
tlD lob LZ:l,8b
_AP eL. N) =.A.P2 (L.!'O------------------------------------------------ _
AFCL,N)=H2(L,N)
II H rL , N) ｾ ( ｾＮｾ 2 (L , r-l) + ｴｯｾＺ 2 (L + 1, N) ) "* • 5
ａｍＨｒ｢ＬｾＩ］ａｍ＿Ｈ｢ｨＬｎＧ
___ __ ___ _ 0 0 7 0 4 L. =1 , 8"_
7 0 4 At, 3 ( l , ｾＩ I: AK 2 (L , N)
ｓｾａｲＧＬＨｎＩ］｟ ti'.
STOT (N) = 0.
ｌ ａ ｾ ｉ ｓ ］ ｬ
C
____C I ｎｔｴＺｾ AC TI VE ｟ｍｏｏｊｊｌＮｦｾ ._ _ __ __ . _
C
_____ Ｑ ｾ Ｗ __ ｉｆＨｉｬＮｇｅＮＱＮａｎｾＮｉｬＮｌｅＮＱｚｽｾｏｔｏ ＱｾＸＵ
I\JPI=e
____________ IF (J 1.GT. IV')NPl c l
w"'ITt:(b,1h9)




______._ E[) =0.0____ _ _
EU=0.0
_______ EA: ｾ Ｎ 0._________ -------- _
XeJ=0.0
｟ｾ __ ｾ TL I: 0 • ｾ _ . _
ｉｆＨｾｾｃＭＹｱＩＱｱＷＬＱＷｾＬＱＷＦ
_____197__ IF- P< SC) 2, 1a1, 172 _ __
172 no 113 12=1,00
___________ IF (SeE (2, J ｾＩ .. ｟ｾｳ｟｣ )1.7 ｾ d_I'h113
173 CONTINUE
_________ \oj ｾ I TE ( f, , 17 5 ) _._ ..
GOTO 187
___.l.7.4. _ I< ON TR=5CE (3, I2l .__ . .__
INT=SCf:(4,I2l
ｾＭＭ ｾＭＭＭｾＭＭＭＮＭｾＭＭＢＭＭＭＭＭＭＭＭＭ ---. - -'--' -2'7--'-' "--'--" ...-------.----------.- .. ｾＭＮＭＭ ... --
MA Y 27 kJ 9: 2;' PUPlJL to 11 ｏＬｾＭｆ u" PAGE ｾ ----------------.------ ----------.
- -----.- I
- ＭＭｾＭＭＭＭＭＭ -- ---- - ＭｾｾｾＭＭＭＭＭＭＭＭＭＭＭＭ
------
____ ｅＮｮＺｳ｣ｾ (5./ 12). _
Eu:SCE.(t'::,12)
ｾ Ｚ ｾ Ｚ Ｚ Ｇ ［ ｃ ｩ Ｇ (7, I·')
\ . =ＬｾＬ I. r. ( "" , t c)
---.. ＭＮＭｾＭＭｊ i I: S Cf:. {9 , 1.2) ｾ ｾ __. .. . .__. ..
IF(SCfU ,12) .EQ.2) I(QII/TR c ＲＲＰｾ
ＮｾＮ WRITE (til 913) ｾ .__ - . _
RtA!J(5,91 4 ) 112
11 = 112 __
GOTD ＱｾＱ
wJ.<ITt. (6, 177)
ｾ ｴ ａ ｩ Ｉ Ｈ Ｕ Ｌ 17B)i(n'\JTf.(,I N Tlt
Wf-<lITE (6,9\3)
913 ｆ ｕ ｾ ｍ ａ ｔ Ｈ Ｑ ｘ Ｌ ﾷ ｴ ｎ ｬ ｴ ｒ HtbIQN·,/)
______ ｒ ｾ ａ ｄ (5, 914J __ Ili
11 = 112
F (l ｾ ru T (! 2)
tNT =H'T 11
1] ｾ ｌ Ｎ ｟ CCh T I \J Ij F.: ._.. _. .__ . _
ｉｆｻｉｬＮｾｴＮｱＩｾｏｔｏ ＱＷ｢ｾ
wRIT€:. (6, 11'J)
ｒ ｾ ａ ｕ Ｈ ｾ Ｌ Ｑ Ｘ ｲ Ｉ ｅ ｏ Ｌ ｅ ｕ Ｌ ｦ ａ Ｌ ｘ ｾ Ｌ ｔ ｌ
__ 17 62 ｾ CONT INUt.. _
181 ICTOT:TL
ｌＢｕｾＺ (j(ONTl.(-l ｜ Ｎ ｦ Ｗ Ｎ ｾ Ｉ /5
IF- (l.A1.JS-r;'317,317,3t3
__._313._ LA IJ S1:1 ｾＭ





__---C. .__ ｗｈｉｔｌｊｩｅａｄｌＱｎｌｾ ｾ ... -.-.---- ._... ｾＮ｟｟｟ - - .. . _
c
___ 10 8 5_ I NTV=I NT
IF (INT-H'I?) 118.71Q.l1Q
_ 71 9_ ｾ .. IN TV. 0 ._
718 IF ('Hl-U ｉ ｦ Ｌ ｂ Ｎ ｱ ｾ ｬ Ｌ 166
__ 90L IF(NSC)9f,1,962,961 _ _ _ _ .. __ ｾ _
9b1 ｗ ｈ ｉ ｔ ｾ Ｈ Ｖ Ｌ ｢ ｾ ｢ Ｉ ｃ ｎ ａ ｍ ｅ Ｈ ｾ Ｌ Ｑ Ｉ Ｌ ｌ Ｎ ｬ Ｌ Ｑ Ｒ Ｉ Ｌ ｎ ｓ ｲ Ｎ Ｌ ｋ ｏ ｎ ｔ ｒ Ｌ ｉ ｎ ｔ ｖ Ｌ ｅ ｏ Ｌ ｦ ｕ Ｌ ｅ ａ Ｌ ｘ Ｐ Ｌ ｔ ｾ
__ . _ ｾ｟｟ GOT () 9&3 _ __
962 ｗ ｒ ｉ ｔ ｅ Ｈ ｢ Ｌ Ｖ Ｕ ｡ Ｉ Ｈ ｾ Ｎ ｍ ｅ Ｈ ｾ Ｌ Ｑ Ｉ Ｌ ｾ Ｎ Ｑ Ｌ Ｑ Ｒ Ｉ Ｌ ｋ ｏ ｾ ｔ ｒ Ｌ ｉ ｎ ｔ ｙ
_9b3 W,!olJ ｬｾ｟ｴ｢ＮＬｬｾ｟ｾｌ .__.. " _._ ｾ ... __ Ｎ｟ｾ
C
___C MO.Q f._L.__________ __ ___ . _
C
lb8 I F (I 1DE [J • ｾＩ RET UR N
KI<=IYR-1Q,,9
_______ ｾ =I YR_ _ _ __ _ ＮｾＮ ｾ ｾ｟
DO 55 ｎ Ｚ ｎ ｬ Ｌ ｴ Ｍ ｊ ｾ
｟ ｾ ｟ ｟ ｟ ｟ ｟ ｟ GT ＨｾＩ __= 0 Ｎｾ .__. ... _ ______. __ ｾ ...._ .... __... ｾ . _. ｾ
TOT{N) z fj.
____. b AB ([II) = ｾＮ __ _ _ ｟｟ｾ .. __ .. _
. DO 5 ｾＮＱＬｓＶ











________ ｾ ｪ Ｉ ｏ 7 L. ］ｬＬｊｊｾ _
Gel.) : 0,
0u ｾ l.=1,P-6
Li:? = (l.. ＫｴＴＩＯｾ













IF Ｈ ｋ Ｍ Ｑ Ｙ Ｑ ｾ Ｉ 9?,90,97
DO ｾ｢ ｾｳＺｎｬＬｾＧ＿
AMIG(N) = ｐｄｐＲＨｫｋＬｎＩＪＱＰｾＬﾷｇｔＨｎＩＪＰＮＰＰＰＱ
____ __ I F ＨｴＬＬｾ J r; ( N ) ) 9 1 , 9? , '1 2 __ ｾ｟｟｟ _ _ql Ar'1!b en ］ ａ ｾ Ｑ ｈ ｾ PJ1 ＢＱＮｾ ---- ------------------------------------
q2 Mq[; un = ａｮｬｃｾ (1\) Ｋ Ｎ ｾ
MIG I: Ar1IG(N)
lJ(l 4S L=2,51
AP (L , i\: ) = AP ( l. , rJ ) .1'11 G* ｾ \<1 0 •
Ii ｾ Ｌ J Ｈｾ (N) = '1 I Glit • V' 1
GTU·;) = GT(\J) + ｍｬｌｩＪｬＮｴｾ
XP(i<K) • '14.
H ｵｾ ALL) 1, ') 1s , 15.' , 15 15
XTOT:STOT(I)/1.F6
ｘ ｂ ａ ｂ ］ Ｕ ｾ ａ ｾ Ｈ ｉ Ｉ Ｏ Ｑ Ｎ ｴ ｢
_______J (, T I: l'T cr )11 , E ｾ _ _ _ _ _ _ _
IAi R1TF ('" , 1 ｾ 1) K , XGT, Cr; ( 1) , CPo R (I ) , CO (l) , CD I-( (1) , XdAB, )( TOT
lr (K-1970) Ｑ ｾ Ｌ Ｓ ｾ Ｌ Ｕ ｾ
00 57 NcNl,N2 _
ｂｾ : ＨｆｅｒＨｾｋＬｎＩＪｐｾｐＲＨｋｋＬｎＩＫｦｴｾＨｋｋﾷｬＬｎＩＮｐｏｐＲＨｋｾＫＱＬｎＩＩＪＮＵｾ｢
_______________ TT = .( M1QR {Kl(, N) 111 puP 2 (I( '" I CIl) .!lMOR CJ( K... 1, 1'4.) *POP2 (J<K +1 ,N) ) * ＮＵｅｾ _
1F ( A ｴｾ DR (l( K+ 1 , N» 11 , 11 , 12
_____ 11 TT = Ｈｐ｛ＩｐＮＺＡＨｉＨｋＬｾＩＮｐｏｐＲＨｋｋＫｬＬｎＩＩＪＱＮｅＶＫＭ bB _
12 TOT(N) ｾ ｔｏｔＨｾＩＫｂＸＪＮＵＮａｍＰＨｎＩ
________. CB (hJ) ｾ B ｾ I t' ｾ t; (N) . _,,_ .._. _. . _
COrN) I: TT/TOT(N)
_____________ Cf ＨｋｾｬｎＩ = CB (NJ .__"_.. ._____ _ _
57 ｃｍＨｾ＼ＬｎＩＮ COrN)
___. IF (NALL+NSC) 80,801,e0_. _
801 ｗ ｒ ｉ ｔ ｦ Ｎ Ｈ ｢ Ｌ Ｑ Ｑ Ｒ Ｉ ｐ ｏ ｐ Ｒ Ｈ ｾ ｾ Ｌ Ｑ Ｉ Ｌ ａ ｾ ｉ ｇ Ｈ Ｑ Ｉ
___________ G(L_ TO_B 0 -- ._' -- . -- . ._. . . _
c
__ C- CALCULATION.OF ｅｑｕｉｉＮｉｾｒｉｕｍ STATE AND MORT. MUL.TIPL. CPROTEHD
C
____30 IF Ｈ ｎ ａ ｌ ｌ Ｋ ｎ ｓ ｃ Ｉ Ｓ Ｐ ･ Ｌ Ｓ ｾ Ｑ Ｌ Ｓ Ｐ Ｐ _
301 Ｎ ｗ ｬ ｯ Ｏ ｬ ｔ ｅ Ｈ ｴ Ｇ ｬ Ｌ Ｑ Ｑ Ｒ Ｉ ｐ ｏ ｐ Ｒ ｃ ｋ ｾ Ｌ Ｑ Ｉ Ｌ ａ ｈ ｉ ｇ ｃ Ｑ Ｉ
----_100- DO 58 N:lN 1 ,.N2-- --------------- ---- --- ------- .._ ＭＭＭＭＭＭＭＭＭＭＭｾＭＭＭ｟ﾷ I'
CB(N) • 0.
_____ .. CD (N).;: ｾ Ｎ --- --- - - ----- .-------------.- ｾ --. ------- .---- _
DO 35 Llll,LAUS
｟ ｾ ｟ ｟ ｟ ｟ ｟ __ - L 1 I: KK- L
eB(N) I: C8(N)+CFCL1,N)
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35
58
CDC t-' ) : r D( "J ) • Cｾｾ (L t , N)
ｲ ｾ Ｌ Ｈ ｾ Ｉ : ｃｾＨＧｾＧＯｬＮｾｕｓ
I,' , ' ( '.) ; \ ｾ .: ( , ) Ii:" I "-
I-' (, ( ｾ ) I: (1. I r: L) Ｈｲｾ ) - A ｲｾ ( t; 5 , ｴｾ ) ) I A'1 ( 8 b , N)
_'__' P_&, 1.·.5 *CO ＱＡＢｊＪａｍｾ (NL. __ ｾＬ , " .' ._, ｾｾｾ
Sl(tII) • P
S2 (N) = A'" ( 1 , N) *CD (N) *P + 1. -P._ __. __,. _
53 & 0.
DO u0 ｌ］ＲＬ｡ｾ
p I: ｐ Ｊ Ｈ Ｑ Ｎ Ｍ Ｖ ｾ ｱ ｌ Ｎ .. l,N).Ci)(r.))
ｾ 1 (i,!) I: .c; 1 (',J) +t:
53 = 53 + AFCL,N).P
ｓ Ｒ Ｈ ｾ ｊ Ｉ I: S2(rJ)+AI-,L,:J)*UJ C-l)*P
AB5 I: (1.-(1.-S2(N)J/P)/CD(N)
__. __,._ . P : P", ( 1 ... ,Hl ( Eo 5 , I\J) * r: () (N) )
S1(N) I: ｓ Ｑ ｃ Ｇ ｜ Ｚ Ｉ Ｋ ｾ Ｏ Ｔ ［ ｾ Ｈ ｾ Ｂ Ｌ ｎ Ｉ Ｏ ｃ Ｈ Ｉ Ｈ ｎ Ｉ
____, __ ,__ 52 ( i") = S ｾ ( rJ ) +P
FYcr" , : 1. 1 5 1 (N)
F-X(I\I) = 1./53
F (N ) I: r: B U: )
ｾ A n') I: r pn .. F )( (!I.i)
ｉ ｆ Ｈ ｎ ａ ｌ ｌ Ｉ Ｗ ｾ ｲ Ｌ Ｑ Ｐ Ｑ Ｌ Ｗ ｾ Ｐ
WJ..' IT" (h , ｾ 1) S1 ( 1) , F 'I. l t ) , FV ( 1) , S ｾ ( 1) , p r, ( 1)
PI-< : !,jC.j.*r:T(l)






-- - -----C MQPTALITV,ftRTILIT1 ｌ ｾ ｔ ｅ ｾ THAN ＱｱＷｾ
C
50 ｉ ｆ Ｈ ｅ Ｐ Ｋ ｦ ａ Ｋ ｾ ｕ Ｋ ｘ ｃ Ｎ ｔ ｌ Ｎ ｅ ｇ Ｎ ｊ Ｉ ｇ ｏ ｔ ｏ Ｓ ｾ Ｆ Ｕ
1F (I 1 - ')) ｾ Ｚ Ｇ ｾ ｾ , ｾｾＮ ':: , ｾ r,! b .,
IF (I<. - 2 n .;H"') 2 .H' , ? 3 ｾＮｊ , .: 3:;
ｰｾ :: ｐｾＫｐｉｯ｜ｩＩ
ｉｆＨｦ｜ｆＧｏＭＱＩＲＳＵＬＱ｢ＷＷＬｾＳＵ
_ 1077 ｐ ｨ Ｇ ］ ｾ ｦ Ｎ ｦ ｏ ｖ
235 ｘ ｐ Ｈ ｾ ｋ Ｉ = PQ/GT(l)
DO ｺ｡ｾ 1..=1,85.
EKE\,)
, , . l F (f. 0 • ErJ • EIJ • 0101 • r: A• UJ • V• ) r; 0 TO 23 q
E = (Eo-tJ)*EXP(-L/EA' • ｾｕ
1M = ﾫ｡ｑＮＭｘｗＩＯｃｘｾＨｾｾＭｾｔｏｔＩＢｾｏＧ -1.) * E + 1.
1 F ( I 1 • E r;J • 9) Ar-1 (L , 1) = (A ｬ ｩ Ｚ ｾ (L , 1) +AM 3 (L + 1 , 1) ) *Z ,..1 ..·• '5 ＭＭＭＭＭＭＭＭＭＭｾＭＭＭ
. . __ , lM:: Ｈ Ｈ ｬ ｊ ｱ Ｎ Ｍ ｸ ･ Ｉ Ｏ ｐ ｾ Ｈ ｾ ｴ ＼ ﾷ ｩ ＼ ｔ ｏ ｔ Ｉ Ｂ ｘ ｄ Ｉ -1,)*,1:0+ J.!
Ｑ ｾ Ｈ ｉ ｬ Ｎ ｅ ｑ Ｎ Ｙ Ｉ ａ ｍ ｾ Ｈ Ｑ Ｇ :: AM1(1)*lM
_______ ｾ ｟ Ｎ Zt1 = .(( t.J Il •• )( '" ) I ( lC P (KK- KTJ T) - XｾＩ • 1!) *. Eｕｾ 1.
IF ( I '- • f \J • 9) AM ( b b , 1) • At" 3 ( 8b , 1) *ZM
_, ｾｾＶＵ __ ()Q ｾ 2 N=N 1, N?
ｉｆＨｋＭｋｏｾｔｒＩＳＲＰＬＳｾＷＬＳｾＷ
_____301 _., IF (I<A8) ＳＰＸＬＳｾＬａＬＳｦ｣Ｇｾ
306 F(N):fX(N)
GO TO ＳＲｾ
Ｓｾｱ FK = ｾＮｬＯｩ＼ａｂ
__ If Ｈ ｋ Ｎ ｾ ｏ ｾ ｊ ｔ ｾ Ｍ Ｗ Ｊ ｋ ａ ｾ Ｉ
31e IF Ｈ ｋ Ｍ ｉ ＼ ｏ ｎ Ｑ ｾ .. ＵＪｾａＸＩ
. ,,311 ,, __ IF (I( - K() NTR- 2* IC. A 8 )




3 18 _ F U4) I: F OJ) .. r A. ＨｴｾＩ *F K. ｾｾ . _
3 ＲｾＡ Ct" U,) : F- ("II)
S 2 C ｾｮＬ TT ' l Jl
c;, iJj) '::>'1 \.:' 1 ＬｾＮ＿
________---.1f 0.-CD_ eN) ｾ A1'1 ( bb l\i] ) 3 ｾ 5-135 e-l 355
c
___C CALCUU TION_Of __POPULAT IQt-LJI __ ｔｾｊＫＱＭ . ｾ ._. Ｎｾ｟Ｎ _
C
355 ｾ ａ ｂ Ｈ ｎ Ｉ = ｾａＵＨｎＩＪｃｂＨｎＩ
TUT(N) = !,Ati(,'\i) •• ｾ Ｊ ａ ｾ ｶ Ｎ ｬ Ｈ ｉ Ｇ ｉ Ｇ Ｇ Ｇ ｃ ｏ Ｈ Ｇ Ｇ ｬ Ｉ
- -- 0 0 75 L: 1 , 8 b
7 ｾ T(1 r (N) :: TOT ('J) + AiJ (L , Ｌｾ ) • A ｲｾ (L , ,\)) * r: U ( N)
__________ ｾ .AP eEb l t'J) =tiP (BS l N)* (1. -CU (N). A '''I (H5 J!\i) ) +AP_ (8El I N) *0. -CD (N) ｾ ａ ｍ Ｈ Ｖ ｾ Ｍ Ｌ N})__
DO AS a.=t>,d5
ｾ Ｍ Ｍ ｾ Ｍ Ｍ ｬ ［ Ｘ Ｗ .. IL------------------------------------
Ll Ir L-'
A l-' (L J N) I: AP (L 1 , N) • ( 1 , .. t Ii ( '" ) • A ｾ (L 1 , N' )
AP(l,N) I: ｩ ｪ ｾ ｇ Ｈ ｎ Ｉ Ｊ Ｈ Ｑ Ｎ Ｍ Ｎ Ｕ Ｎ ｃ ｏ Ｈ ｎ Ｉ Ｊ ａ ｍ ｾ Ｈ ｾ ﾻ Ｉ Ｎ
___ ｬｾ ("'-l'J]U) Ｘ Ｗ Ｌ Ｑ Ｓ ｾ Ｌ Ｉ ｜ ｢ ｾ _
ｓｾａｾＨｎＩ : ＵｾａｾＨｎＩＫＰｾｾＨｾＩ
ST (1 T (jI.) : f; TOT ＨｾｊＩ +T i) 'T (N)
87 (, T ( "i) I: r; T ＨｾｊＩ +• :, * r, fA '-i (r.. ) ... l;) .. TOT ( rｾ )
｟ｾ __ ｾ CMR UJ) :: HAo Ｈ ｲ ｾ Ｉ IGT eN) ｾ ｾ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ ｟ ｾ _
CLJ R ( 1'-; ) = Tr; T ( !\: ) I GT ＨｾｉＧ
TOT/POP',
, , 3 XI F5,2 t_
ｍ ｏ ｒ ｔ ａ ｾ ＮRAH/PQP
1)0 ＱＯＮＱｾ 1I=15,blJ
____ 1'16 r; ｾ p a Ｈｾ ) =r. RP 4 (I\i) +AP ( I I I [J) '. ｾ｟｟ __ ｾ ｾ _
ｔｏｔｋＨｎＩ］Ｘａ､ＨｾＩ ... Ｕ Ｊ ａ ｍ ｾ Ｈ ｎ Ｉ Ｊ ｃ ｄ Ｈ ｎ Ｉ
I)r} 1 a a I!: 1,18
ｔ ｕ ｔ ｾ Ｈ ｎ Ｉ ］ ｔ ｇ ｔ ｾ Ｈ ｎ Ｉ Ｋ ａ ｾ Ｈ ｉ ｉ Ｌ ｾ Ｉ Ｊ ａ ｾ Ｈ ｉ ｉ Ｌ ｎ Ｉ Ｊ ｃ ｏ Ｈ ｎ Ｉ
ｃ ｮ Ｇ ｜ ｉ ｔ ｉ ｾ ｉ ｊ ｲ Ｚ
GOTO 2.
______35.v.:L__ CONT t NUE
GOrD 2
ｾ 1 _', FOR ｾＱ AT (. l. to , CF ST 4. T , C" RSTAT, TOT /8 Aa I P8 b I P8 5
& ＳＨＲｘＬｆＶＮｾＩＬＲｘＬｆｾＮＲＩ
1 ｾＢ F' r,} ｾ H 4 1 (1 2 A2 )
108 ｆ ｏ ｒ ｍ ａ ｔ Ｈ Ｇ ｖ ｾ ａ ｾ TOTAL poP. FERTIL.
ｾ . _ ' ｾ RAB 70STOr. ./ ｾ 'J__ _ _
109 ｆ ｏ ｒ ｾ ａ ｔ Ｈ Ｌ ｱ ｘ Ｌ Ｖ ｆ ｾ ｾ Ｎ Ｕ Ｉ ,
_ 112 FORHAT (IX,F11.2,' = 4CTUAL PQP·,Fl1.2,' • CALCULATED IMMIGR.']
149 ｆ ｏ ｾ ｍ ａ ｔ Ｈ ｬ ｘ Ｌ Ｒ Ｈ ｆ Ｒ Ｎ ｾ Ｌ Ｇ ｘ Ｉ Ｌ ｾ Ｔ Ｎ Ｐ Ｌ Ｑ ｘ Ｌ ｆ Ｒ Ｎ ｾ Ｌ ｉ ｘ Ｌ ｾ Ｈ ｆ Ｓ Ｎ Ｑ Ｌ Ｑ ｘ ﾻ
_____ 151 _ FUｾ ｾＱａ T ( 14,2 X, FY• 1, '£ (3 x, F7 .4) ,2. C2 ｾ , F7 • 1) L__ __ _. . _
169 ｆ ｏ ｾ ｍ ａ ｔ Ｈ Ｇ ｲ Ｌ ｉ ｖ ｅ ｐ ｏ ｰ ｵ ｬ Ｎ ｾ ｣ ｴ ｎ ａ ｒ ｉ ｏ ｎ ｕ ｍ ｾ ｅ ｒ Ｌ E.G. 22',/)
｟ ｾ __ Ｑ Ｗ ｾ FURMAT [12)_ -- --.. ,--------------------------1
175 ｆ ｏ ｾ ｍ ａ ｔ Ｈ Ｇ SCENARIO NUMBER NOT ｾｘｉｓｔｅｎｔＧＩ
___ 177 __ ｆｬｊｾｾｬｾｔＨＧ SPEClfV(N) ｴ ｬ ｾ ｕ ｌ Ｑ ｾ ｒ ｉ ｕ ｲ Ｑ ｃ ｏ ｎ ｔ ｒ ｑ ｌ Ｎ ｟ ｓ ｩ ｾ ｒ ｔ Ｏ ｓ ｐ ａ ｎ Ｌ ｅ Ｎ ｇ Ｎ 1915/14',1)_
Ｑ Ｗ ｾ FORMATCIQ,lX,I2)
_____ 179 __ fORMAT (' 5 PEe I f Y ＨｾＩ EO lEU lEA l XL ,TL E. (j. __ 1. C11 • 25/10./0.0/0.0__ ,_, JJ _
ＱＸｾ FORMAT(4(F3.1,1X)lF3.1)
___ _ b 5 4 'FOR MA 1 (1 2 A2 , 5X, , NOR H ｾ l. kl UN' 111 5 ｾ , # ST ｾ R1. 0 f_C 0NTRQL. __ ｾ _' ,______ __ _ ｾ｟
& 14,# TRANSITION PEHIon = ＧＬｆＷＮＰＬＯｾ
____ b ｾ b f' 0 R1') AT (1 24 2 1 ｾ X, '''i Ct. !\l A ｾ I 0 ｾ UN' , I III 11 ') X, , START UF CO"l TR0 ｉＮＮ｟ｾ _
& ',1",' ｔ ｒ ａ ｾ ｾ ｉ ｔ ｉ ｏ ｎ PERIGO : ＧＬｆＷＮｾＬＱＬＵｘＬＧｅｕ =',F4.1,5X,



















___ _ S 1I Al.( 0 II T UJ ESP LHd: ( G• A!; , tJ 1 , ｾＬ ? )
oI "1 ｾ｟ ｾｪ S 1 n :\l ｾ ( 2 C) , r. ( ｾ ;" , n ( ＿ｾ｜Ｉ , X 'I.. (;J Ｈ ｾ Ｉ , VV (2 r,) , G ( 2 1 ) , At; ( to 6 )
1l'X(1) = ｲｾＮ
V1 = ｾＨＱＩ
_YV ( 1 ,_== Yt _ __
DO 20 Lc 2,20
Ｉ Ｌ ｘ Ｈ Ｑ Ｎ Ｉ ｣ Ｕ Ｊ ｌ Ｍ ｬ ｾ _
VYCL) = ｇｃｾＩＫｙＧＨＨｌＭｬＩ
_ _ __. X)( C 2. ) : 1 • ｾ
Gt = VY(20)-VY(l)
If 2 = •5 * ＨｾＱ + V1
(;(21) :: (;(1) - Gl
IF (Nl-2) 24,?-1,22
YY ( 2 Vl ) I: Y'( ( 2 ｾｪ ) + 4. *G( 20 )
GtJ TO 24
DC 23 L:Nl,N2
___________ E AG : YV CL ) I If ｾ -1 •
'(veL) ］ Ｍ Ｈ ｴ Ｚ Ｚ ａ ｬ ｾ Ｋ ｬ Ｎ Ｉ I (E.AG-l.)
VV(L) :: ALDG(YVCL,)




L2 :: Nl*" - q
I F ( "J ? - 2 ｾ ) 35, t.l i1 , lJ ｾｾ












-- -,- ---- - --- EA(j : (( r) ( I ) *Q+C( I ) ) • {J +H( 1 ) ) *Q+Yv( I )
If Ｈ ｾ ｬ Ｍ ＿ Ｇ Ｗ Ｐ Ｌ Ｗ ｾ ｴ ｢ ｾ
EAG :: EXP(EAG)
_______ EAG I: (f AG-l.) I (E ｾ ｾ Ｂ Ｇ ｬ Ｎ ｟ ｌ _
EAG = (EAG+l.)*Y2
.__?0_____",G (L) :I: F. AG .. _
DO e0 l=1,85
__________ AG(L) : (AGCL+1)-AG(l.))(Gl . _
I f (A!; (l ) ) ｾ 1 , 8 ｾ , 8 ｾ
____81 __ AG(l.) :: 0.0____
80 ｃ ｏ ｾ ｔ ｉ ｎ ｕ ｅ




____ ｮ ｉ ｍ ｴ ｾ ｓ ｬ ｏ ｎ B ＨＲｾＩＬ C (2_0) I () (20) I X(20), F (20L__
toil = "l1 + 1
________ M2 liN2 !"'_1 _
SliP)
-32-
1-1 A't' 2 7 ｾ '; : 25







--- -- -------- - no H1 I: "'J!-f 112
D(l) = ｾＨｬＫＱＩ - X(I)
.. : ｲｾＨｬＫＧＩＭｾＨｔＩＩ / roll)
e(l) = ｋＭｾ
---_ 1£1-- S - -- -1\-- ------- --- --- -_ ------ - --- Ｍｾ _
S • 0
R : 0
CCNt) = 0 -
C(N2) : 11
OU ｬＧｾｾ ＡＺｍＱＬｾＱＲ
CO) = C(I) + t:.*C(1-ll
6(1) = O'(I-U-x(l+l» • ? - phS
S 1; 0(1)
20 P:I S/tHIl
__ ---DO 30 1L. M1-1 t12 -----___ ----- _
J :I /11 +M2 - I L
3ft.' __ CCl) = (0 (!) • C (1 + 1l - C(I)) / iH 1 L-------- __ _ . _
o0 I.i 0 I: N1 , '1 2
5= D(1)_
ｾ = C(I+\) - C(l)
Dcr) ｾ R/S
CO) = eeI) * 3.




_______________ SUBF> our INE.__ ALlPR(l vｾＬ 1SS ＬｾＱ AXl, I NTE. R, N_ALL)
NALL=5
1 ｾ (I v;.' - ｾＱ A Y; ) ) 1 , 2 , 3
Ｑｾ nSS-IYf.l)c,2,3
N ｾ LL =ｾ｜ (1 U( 1 V'r< , 1 t>J Tt:ro
RETURN
_END
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